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A GREAT deal has been written about Q fever and the mass of literature which has accumulated might easily give the impression that the problem was completely worked out. However, although the main facts about the clinical aspects of the disease and the ecology of the rickettsia are now fairly clear and familiar, some problems still remain. In an effort to justify this statement I shall discuss recent findings and unsolved problems in relation to three arbitrarily selected and unrelated aspects of Q fever.
Pathogenesis of the disease.-Q fever in a human being is well known as a short-lived febrile illness and after the encounter host and parasite appear to go their separate ways. However, other rickettsix have been shown to persist in the host for variable periods after an initial infection, the most striking example being that of Brill's disease. It now seems that R. burneti may also persist in various hosts, either as a latent or an overt and chronic infection.
Perhaps the best demonstration of a latent and recrudescent infection with R. burneti is to be found in the pregnant animal-human being, domestic ruminant or laboratory experimental animal. It has been shown by American workers (Abinanti et al., 1953; Parker et al., 1949) that sheep and cattle inoculated experimentally with R. burneti in the early stages of pregnancy undergo a mild apparent or inapparent infection with the rickettsia which then remains latent until parturition when it is found in large numbers in the products of conception, and also in urine and faeces. This phenomenon has an added interest in view of the recent observations by Syrucek et al. (1958) who isolated R. burneti from human placentas collected at births occurring two to three years after an original Q fever infection.
Abinanti, in some work carried out at Cambridge, found that R. burneti could be recovered in fairly large numbers from the placentas or foetuses of guinea-pigs inoculated with small doses of the rickettsia, either in the AUGUST early stages of pregnancy or at varying periods up to 92 days before conception. Further, the organism could be recovered from the guinea-pig placenta early in pregnancy and in large numbers just before parturition, but was not detected in the mid-period (Abinanti, 1957) .
The results with the guinea-pigs were somewhat similar to those previously obtained in sheep by the North Californian workers (see Abinanti, 1957) who found that R. burneti could be recovered from various organs of pregnant ewes for a few weeks after experimental inoculation but that it could not be isolated from the placenta until just before or at parturition. Abinanti also found that the recrudescence of infection at parturition occurred in guinea-pigs with high levels of antibody-including that to the Phase I complement-fixing antigen of the rickettsia which we believe to be responsible for "neutralising" the organism in vivo (Abinanti and Marmion, 1957) .
The apparent absence of the rickettsia from the placenta during the later stages of pregnancy in guinea-pigs and sheep, and its appearance at or just before parturition, poses an interesting problem. Has the rickettsia been in the placenta throughout pregnancy or has it found its way there late in pregnancy via the blood stream, starting from some other focus in the body? It is conceivable, though unproven, that the placenta is seeded early in pregnancy, perhaps even via the ovum, but that its physiological state does not permit extensive multiplication of the rickettsie until near parturition.
Clearly the physiological reason for the late multiplication of the rickettsie in the placenta is one of the unsolved problems of the disease and the investigation of this reproducible phenomenon might provide useful analogies for the understanding of recrudescence in other rickettsial diseases.
These speculations naturally bring to mind the possibility that a condition analogous to Brill's disease may occur in human Q fever.
At present there is no evidence that R. burneti can remain latent in human beings for as long as ten or fifteen years after an initial apparent or inapparent infection and then relapse, but as the disease is endemic in most areas of the world the difficulties of detecting such (hypothetical) cases are obvious. Nevertheless, quite apart from the women described by Syrucek et al. (1958) , there is some evidence of the persistence of R. burneti in human beings for a substantial period. Drs. Robson, Shimmin and Andrews and I have recently investigated one such patient under the care of Dr. F. H. Scadding at the Middlesex Hospital. This man had an illness which was clinically typical of Q fever, recovered and was well for six months and then relapsed with a chronic febrile illness which lasted some eighteen months (Robson and Shimmin, 1959; Andrews and Marmion, 1959) . R. burneti was recovered from his blood stream on two occasions during life and from various tissues after death. The patient had signs of aortic valve incompetence during his chronic illness and at autopsy a grossly distorted valve with small N egetations was found-the latter contained large numbers of R. burneti when titrated in guinea-pigs.
The clinical picture resembled that of subacute bacterial endocarditis with the important differences that Strep. viridans or other organisms were not isolated on repeated culture of the blood during life, and embolic phenomena were not a striking feature of the disease. This case, and a few less well-substantiated ones which have occurred in the past, raises the question of the importance of chronic Q fever infection as a cause of subacute endocarditis and that of the frequency of its misdiagnosis as subacute "bacterial" endocarditis. The response of most cases of subacute "bacterial" endocarditis to penicillin suggests that the problem is not a large one although the success with which viridans streptococci or other bacteria have been isolated from various series of patients with the clinical diagnosis of subacute bacterial endocarditis has varied considerably (see summary by Wright, 1925, and , more recently, Cates and Christie, 1951) . Wright concluded that the failures were not due to inadequate technique and that bacteria were genuinely absent in his "non-septiceemic" cases. He also examined the heart valve vegetations from 14 cases of subacute endocarditis whose blood had been sterile during life and, apart from some superficial contaminants in 3 cases, could see no definite bacteria in Gram-stained preparations. In 12 cases, however, there was some particulate material, smaller than cocci, which stained red with Twort's method. We are trying, therefore, to reinvestigate the problem of the eatiology of those cases of subacute endocarditis with sterile blood cultures, bearing in mind the possibility of Q fever or other rickettsial infections.
The biological significance of infection in small animals and birds.-The early investigations of Derrick (1944) showed infection in bandicoots and two local species of rat, but these observations were soon overshadowed by the realization of the prime importance of domestic ruminants as hosts for the maintenance of R. burneti. In recent years, however, Italian workers (Babudieri and Moscovici, 1952) brought the problem forward again when they showed that pigeons and geese may be naturally infected. Czechoslovakian workers (Syrucek and ) have found serological' or cultural evidence of Q fever in domestic hens, pigeons, turkeys, ducks, geese and also in various species of wild birds. Other investigations in the same country revealed infection in Rattus norvegicus, Mus musculus, other small rodents, and Sorex minutus (shrew mouse), Raska et al., 1956) . It may also be recalled that infection has been found in mountain rabbits and dormice in Spain (Gallardo et al., 1952) and in rabbits and ticks in Casablanca (Blanc and Bruneau, 1956 ).
The problem is essentially this: do these animals and birds represent a number of independent host systems in which R. burneti perpetuates itself indefinitely or, on the other hand, are they merely infected irregularly by contact with infected cattle and sheep and are they in fact incapable of perpetuating the rickettsia in series? Although this question is unsettled I suspect that, in the main, the presence of the rickettsia in these creatures represents merely a "spill-over" of infection from the main system of maintenance, domestic ruminants. Thus it is probably significant that examination of sera from hens in south-eastern England revealed infection among birds in close contact with sheep and cattle but not among those in an area with a few of these animals (see Marmion and Stoker, 1958) . However, although it may be possible to dismiss infection in most small animals and birds as originating from that in domestic ruminants and of little biological importance, I doubt very much whether, for example, Derrick's observations on the apparently successful maintenance of infection in bandicoots and their ticks on the isolated Moreton Island off the Queensland coast can be so lightly discounted. The Czechoslovakian experience is particularly relevant and Dr. Syrucek will comment in detail on the significance of the excretion of R. burneti by experimentally-infected chickens and rats (Sobeslavsky, 1957;  Syrucek Section of Epidemiology and Preventive Medicine ) and on the biological importance of infection in creatures other than cattle and sheep.
The immediate sources of infection in outbreaks of Q fever in this country.-Since 1949 eleven outbreaks of the disease have come to light and investigations have been inconclusive for the most part. I am much indebted to Dr. W. W. Holland and his colleagues (Holland et al., 1959) for some unpublished information about two outbreaks of Q fever in the R.A.F. in 1958 and also to Drs. G. J. G. King and J. C. Walker for information about cases in Dorset and Kent. On examining the features of ten outbreaks (excluding that in South Wales investigated by Baird and Evans, see p. 616) the following facts emerge. With one exception they all occurred in adults and predominantly among men. Children were only involved once-in a household outbreak on a farm-the youngest to show symptoms being 8 years old (Stoker and Thompson, 1953) .
With Derrick's original observations in mind, it might be thought that outbreaks would be found almost entirely among people closely exposed to animals or animal products. In fact, although one outbreak in England did occur on a farm and another involved Welsh sheep farmers, the remainder occurred in such unlikely groups of the population as students at the Canterbury College of Art (Harvey et al., 1951) , men in an open prison, R.A.F. personnel, hospital staff and the actors in a religious play at a village in the Romney Marsh. The reason for these unusual settings is, I suspect, partly because of the lack of previous exposure, and therefore of immunity, in the groups concerned. The investigation of the play outbreak and the sporadic cases of Q fever in the Romney Marsh revealed that newcomers to the area, or new recruits to sheep farming, were those most often affected with Q fever. Presumably the long-term residents and the farming community were already well salted-either by exposure to infected milk, or in other ways (Marmion and Stoker, 1956) .
The seasonal prevalence of the outbreaks is interesting. When those outbreaks originating from human sources are excluded it will be seen that the remainder occurred either in the spring or in the autumn (Fig. 1) . Sporadic cases of Q fever also show an increase in numbers at these seasons and so we might conclude that the underlying factors directly or indirectly responsible for both sporadic cases and outbreaks are the same. Although these factors are probably complex there are some obvious correlations. Early in the year there is the spring calving, the lambing, and the shearing, and later in the year, the autumn calving (the timing and pattern of these events varies, of course, from area to area). Any of these events might be the starting point of a short or long chain of infection which ends in an outbreak. However, like all correlations in time, these may be fallacious, and as a reminder of this I have also indicated in Fig. 1 the two seasonal prevalences (in Wales) of adult females of Ixodes ricinus which, in other countries, has been shown to carry R. burneti.
A consideration of the grouping of cases in time suggests that in eight outbreaks infection resulted from a single and short exposure to one (usually unidentified) source of infection. In two other outbreaks the temporal distribution of cases and other evidence suggests either infection from a number of distinct sources becoming infectious about the same timeprobably different flocks of sheep which started to lamb at about the same time-or, less probably, infection from one unidentified source of persistent infectivity.
Infected milk does not seem to have been responsible for any of the outbreaks. In the outbreaks at the Cancer Hospital (Marmion and Stoker, 1950) and among the sick bay staff of a Cornish R.A.F. Station (Holland et al., 1959) a human being with Q fever seems to have been the immediate source of infection. In three other outbreaks exposure to sheep, or to places contaminated by them, may have been responsible. As in other situations where the mode of transmission of infection is obscure the idea of air-borne infection has been invoked. Some recent air-sampling experiments by Welsh et al. (1958) Rickettsia burneti can be disseminated through the air at the birth of a lamb from an infected ewe and the risk for bystanders is obvious. In addition, with an organism as hardy as R. burneti, when lambing takes place in a barn or in some other enclosed space, later visitors to the place might easily be infected from a persistent contamination of dust. However, this does not help much with outbreaks such as that at the Canterbury College of Art because no domestic animals had been on the premises. So we have to be a little more ingenious in devising chains of infection leading from the parturient animal to such environments. There are two main possibilities. The rickettsia might be carried from the scene of parturition in dust on various fomites-wool, hides, farm workers' clothing, &c., and subsequently be released as a secondary aerosol. Thus, cases of Q fever have occurred in wool sorters and we have isolated the organism from the clothing of a shepherd (Marmion and Stoker, 1956) . Alternatively, the gap might be bridged by the secondary infection of small animals, birds or arthropods which, in turn, then excrete the organism in the vicinity of man. Thus, for example, hens might peck at infected sheep placentas and later excrete the organism in their droppings and so contaminate hen houses or the places where they are plucked and dressed for the table. Similar chains of infection involving rats and mice can be imagined. Future investigators of unexplained outbreaks of Q fever in this country might pay more attention to the possibilities of carriage of the rickettsia by such animate, intermediate links in the chain of infection. Indeed various combinations of the animate and inanimate modes of carriage of R. burneti would seem to offer almost limitless possibilities to baffle the epidemiologist.
